. Until now this activity is still a most important one.
During my long stay in Moscow University -a palace of fundamental sciences uot only in the former Soviet Union, but also in the vVorld, I tried to learn and to find out about perspective trends in modern development of mechanics as a branch of fund a mental sciences. In my understa ndings and conclusions , t he most perspective t rend in modern development of mechanics is following: mechanics needs to be originated from the teclmical and technological developments, from the problems of exploitation and protect ion of ,natural resources and environment [1] . At this time, I have been interested only in two problems of mechanics: mechanical problems for oil & gas exploitation & t ransportation and aero-dynamical problems for military technique developments.
But suddenly, in 1979 Prof. Nguyen Van Dao has proposed me to take a working visit at Laboratoire National d'Hydraulique de France in Chatou, France (1979 France ( -1980 In realizing these projects many scientific research results have been transferred to and used in some organizations, for example, the Central Committee for Flood and Storm Prevention, National Centre for Meteor-Hydrological Forecasting and other water resources management and planning organizations.
To dedicate to the memory of Prof. Nguyen Van Dao, in this paper there will be presented some my research activities in flood forecasting and flood control in the Red River Basin [2] [3] [4] [5] [6] [7] [8] [9] .
FLOOD FORECASTING AND FLOOD CONTROL IN THE RED RIVER SYSTEM
Red -Thai Binh River System is the second biggest river system in Vietnam, after Mekong River.
In recent years, big floods frequently happened in Vietnam, and flood disaster causes massive losses of human life and immense damages. To reduce these damages caused by floods , for short-term and long-term flood prevention and control in the Red -Thai Binh River basin followings measures are taken: strengthening dike systems, clearing river flows for flood discharge, building reservoirs to reduce floods in upstream of big rivers, diverting and retaining floods, reforesting and protecting watersheds, intensify dike management and protection [2, 3] .
Before taking any of these measures, important information and data must be provided or predicted, and advanced modeling technologies are a privileged tool for such decisionmaking.
The Institute of Mechanics has been involved in many research projects concerning the problem of integrated water resources management in the Red River Basin. Here it is mentioned some projects supported In the following parts it is selected only some investigations of the Institute of Mechanics in developing hydraulic models for flood forecasting and flood control in the Red River System [2-6].
ONE-AND QUASI-TWO DIMENSIONAL HYDRAULIC MODEL FOR THE COMPLEX RIVER NETWORK -VALIDATION AND APPLICATION IN THE RED RIVER SYSTEM

Basic Equations
The free surface flow in a single branch of a river network can be described by t he so-called Saint-Venant equations [2 , 3] under t he assumption of a hydrostatic pres_ surc and uniform distribution of the velocity along the vertical axis.
In practice, the flow in the main channel and flo od plain arc quite different due to different frictions. So the following type of equations is often used:
where Z -water elevation, Q -discharge, As and A f -wet cross sectional areas for the main and total flow, I< -conveyance, t -time, x -space coordinate.
Some hydrodynamic problems for flood f orecasting ...
The continuity equation for storage cells is following
where V is the water volume, Q is in-and out-going discharges.
(3.3)
The flow must be conservative, so at confluences or tributaries the sum of all discharges must be zero. At hydraulic structures flow rate is defined by the empirical formul a:
where Za, Zht are the upstream and downstrea m water levels and a is characteristic parameter of structures. A structure may be modeled by one of two types: a spillway and a sluice.
Finally the initial and boundary conditions must be added .
Method of solution
To get numerical solutions the considered river network is split into river branches, separated by nodes [2, 3] . A node is point in a river system where the Saint-Venant equations are not valid. A confluence or a tributary is a node. For a hydraulic structure in rivers it is associated with two nodes-upstream and downstream due to di fferent water levels.
If the network consists of storage cells, that make the problem to be quasi-two dimensional, they are nodes also. Therefore structures that link rivers a nd storage cells have two nodes too.
The numerical method is based on the implicit 4-points Preissmann method for river branches, implicit finite difference scheme for storage cells and linking discharges of hydraulic structures.
Validation of the model by test-cases developed in European hydraulic laboratories
To For the Red -Thai Binh river network special treatments are needed to simulate flow through the Van Coe sluice and the Day dam because of their special operational rules and also to simulate flows from the river to the retention areas. In the case of big floods , the Reel River Delta is split split into 278 storage cells using the DEM of 1/50,000 scale (see Fig. 3 ). 
SOME NUMERICAL METHODS FOR SOLVING THE 1-D SAINT-VENANT EQUATIONS OF GENERAL FLOW REGIME -APPLICATION TO DAM BREAK FLOWS
Equations and numerical methods
where z is the water level.
In the vector form one can write:
where
A+gli S(x, U) = ( L ) .
Numerical met hods for conservation laws are mainly developed for the homogenous equations, where the source terms are identical to zero. For the non-homogenous equations, like the Saint Venant equations, one uses numerical methods for conservation laws to solve the homogenous part, then uses the pointwise or upwind approaches to include the source terms.
The homogenous part of the equations is solved by numerical methods for conservation laws: the Lax-Friedrichs, the Self-adjusting Hybrid, the Nessyahu-Tedmor, and the Roe's approximation methods. The source terms can be discretized following the pointwise, upwind or mixed approaches. The mixed approach for discretization of source terms is recommended for balancing the flux and source terms.
Verification of the numerical methods by Test-Cases
There has been done a verification of 4 numerical methods for solving the SaintVenant equations: the Lax-Friedrichs, the Self-adjusting Hybrid, the Nessyahu-Tedmor, and the Roe's approximation methods. The source terms has be discretized following the pointwise, up-wind or mixed approaches. By the numerical tests it is recommended that upwind and the mixed approaches are more appropriated to the Saint-Venant equations, the Roe's approximation is an efficient method and can be used with all the source term approaches of discretization.
The Roe's approximation with the up-wind and mixed technique for the source terms has been tested in detail by following test-cases, covering all of three flow regimes: sub-, trans-, and super-critical: the water at rest problem, steady flow through a bump, the dry bed dam break problem, the wet bed dam break problem, the dry bed dam break problem with friction, the dam break problem with a local constriction, and the hydrodynamic wave, the diffusion wave, the dynamic wave problems.
The Roe's approximation with up-winding and mixed technique for the source terms finally has been chosen for dam break modeling.
SOME NUMERICAL METHODS FOR SOLVING THE 2-D SAINT-VENANT EQUATIONS AND THE 1 AND 2D LINKED MODEL FOR THE RED RIVER SYSTEM
The 2-D Saint -Venant Equations
The water flow in a 2D domain can be described by the so-called the shallow water equations (the 2D Saint-Venant equations) [2] [3] . In a conservative form they are written as follows:
where h , qx, qy, are unknown functions, h = h(x, y, t) is the flow depth, qx = qx(x , y, t) and qy = qy(x, y, t) are the unit-width discharge components (qx = uh and qy = vh with u, v are the depth-averaged velocities) in x and y directions, respectively, g is the gravity acceleration, So ,x, So,y are the bed slopes, F(qx), F(qy) are the bed shear stresses in x and y directions, respectively: For the system of equations ( 4.6) the initial and boundary conditions must be added. The numerical method for this system is the finite volume one.
The numerical methods and their validations by the test-cases
Method of finite volume has been used for solving the equation system (5.1)-(5.3) together with the initial and boundary conditions. First of all the Green's theorem technique and the Chorin's projection method have been applied to solve the Saint-Venant equations following the successive steps: convectiondiffusion, wave propagation and velocity correction.
For modelling 2D dam break flows the Roe's approximation method has been used. The developed models have been validated by several academic tests: Total dam-break problem, Partial dam-break problem, Dam-break in a channel with a local constriction, Dam-break in a channel with a non symmetrical flood plain.
Coupling between the 1-D and 2-D Hydraulic Models
In many cases, the coupling between the lD and 2D Hydraulic Models is necessary for flood control in the Red River Delta. The following schema for the coupling lD & 2D is developed and used: -With the known water level at time step n from 2D Model, at the time step n + 1, use the lD Model for calculating the discharge in the connecting section.
-Using the discharge at time step n + 1 from lD Model, calculate the water level in the connecting section at time step n + 2 by the 2D Model.
-The iteration process will be finished when the difference between the water levels from two models is small enough.
SOME APPLICATIONS OF HYDRAULIC MODELS FOR FLOOD
FORECASTING AND FLOOD CONTROL IN THE RED RIVER SYSTElVI lVfany oht ained scientific results have been transferred 1 o ctnd used in some orgauizations, for examp le, t he Central Committee for Flood a ud Storm Prevent ion , ;'\atio11nl Centre for l\'lcteor-Hydrological Forecasting and other water resources rnana.gemc11t aud planning organizations [2] [3] . Here it will be presented two examples. The 1-D & quasi 2-D IMECH model is used for evaluating the effectiveness of fioocl reduction by taking fiood protection measures (when thrcre arc only Hoa Di11li a nd Time Ba reservoirs) for the floods with return period of 500-year a nd 1000-ycar To solve this problem it is necessary to: -Evaluate Upstream Discharges for the Red River System for extreme Hoods wit l1 return period of 500 and 1000 years.
-Evaluate prepared Hood control measures (reservoir operation, di version (l Jl(l clcte11-tio11 zo nes) to protect these extreme floods.
-Evaluate the role of new measure -emergency spi ll ways to protect t besc extreme Hoods.
In the Table 1 it is presented the result of evaluating the effectiveness of flood reduction for 500-year flood of 1996-year shape when no emergency spillways are used. In this occasion my acknowledgments are also expressed to the VAST, MOST, MARD and European Commission for financial support to realize many scientific projects in the field of water resources research.
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